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an  Intensity  of  up  to  150  kOe  at  var¬ 
ious  temperatures  above  the  Curie 
point.  The  Curie  temperatures  and 
temperature  intervals  of  the  measure¬ 
ments  for  each  alloy  are  given  in  the 
table.  Six  alloys  were  studied  whose 
compositions  approximated  the  criti¬ 
cal  concentration  corresponding  to 
the  transition  of  the  system  from  the 
ferromagnetic  to  paramagnetic  state. 
The  methods  used  to  produce  the  mag¬ 
netic  field  and  for  measuring  were 
described  earlier  in  [1].  The  mag¬ 
netic  moment  in  the  strong  field  was 
measured  with  an  accuracy  of  2%.  All 
the  alloys  were  subject  to  homogeniz¬ 
ing  annealing  for  96  h  at  1100°C. 

The  uniformity  of  the  alloys  was  ver¬ 
ified  by  an  X-ray  microanalyzer. 

There  were  less  than  0.0 158  impurities 
in  the  samples. 

A  number  of  articles  [2-4]  give 
the  results  of  measuring  the  Curie 
temperature  Tc  for  alloys  in  the 
Cu-Ni  system.  However,  in  view  of 
the  divergence  of  the  data  presented 
relating  to  the  alloys  having  Curie 
temperature  values  from  2  to  40°K, 
it  was  necessary  to  conduct  indepen¬ 
dent  measurements  of  T  for  the  sam- 

c 

pies  under  consideration.  The  curve 
of  the  dependence  of  initial  suscep¬ 
tibility  on  temperature  obtained  in 
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*Here  AT  is  the  measurement  temperature  interval;  Axd(0)  a:d  AS  are  the  disper¬ 
sions  of  the  corresponding  parameters.  The  quantities  whose  dimensionality  is  not 
indicated  are  given  in  electromagnetic  units. 

KEY :  (1)  Alloy  composition,  at.  %. 


a  slightly  variable  magnetic  field  was  recorded  on  a  two-coordinate 

curve-drawing  instrument .  The  temperature  at  which  the  initial 

susceptibility  achieved  its  maximum  value  was  identified  with  the 

alloy  Curie  temperature.  The  T  values  obtained  agree  wel i  with 

0 

the  data  supplied  by  Robbins,  Claus  and  beck  [2]. 


The  drawing  depicts  the  dependence  of  the  magnetic  moment  of 
two  samples  on  the  magnetic  field  at  various  temperatures.  The 
experimental  curves  for  other  alloys  have  a  similar  shape.  The 
tendency  of  the  ootained  curves  toward  saturation  in  the  region  of 
large  fields,  as  well  as  the  data  of  other  authors  [5]  which  confirm 
the  presence  of  the  heterogeneous  distribution  of  rnagneticity  in 
Ou-bi  alloys,  makes  it  necessary  to  take  into  consideration  the 
susceptibility  x  which  is  associated  with  the  magnetic  clusters. 

K 

The  susceptibility  of  the  paramagnetic  alloys  under  consider¬ 
ation  in  a  strong  field  can,  in  a  way  similar  to  the  work  of  Poner 
and  associates  [6],  be  represented  in  the  form  of  the  following  sum: 

X  =  X*  +  V  ~  V.VY  +  */;■ +  />-•  ( 1 ) 

'where  y  is  the  Pauli  spin  susceptibility  of  the  s -elect rone  ;  x  -  is 

*  3  vi 

the  Pauli  scin  susceptibility  of  the  d-electrons;  x  is  the 
diamagnetic  susceptibility  of  tire  electrons  of  the  filled  shells 
and  conduct! oil  electrons,  xin  i^  the  Van  Vieck  paramagnetic  suscep¬ 
tibility.  To  obtain  information  concerning  the  band  structure  of 
the  alloy  being  studied  it  is  necessary  to  isolate  the  Pauli 
susceptibility  Xj  °f  tne  d-band  electrons  from  sum  (1).  The  contri¬ 
bution  of  x  j  X  j  and  x  >  which  enter  into  (1)  can  be  evaluated, 
s  vv  &ri  a 

Tne  paramagnetic  susceptibility  of  the  s-band  electrons  is 

-  (  ■  3 

d.g*  10  '  electromagnetic  units  per  for  :.!I  lb].  Theoretical 

calculation  of  the  Van  Vieck  susceptibility  x  for  Mi.  accomplished 

^  v  v 

by  Shimizu  L7j>  produces  the  quantity  l.l-io”'1  electromagnetic  units 

j 

per  va.i’fn  agrees  als<-  w.:tn  the  estimates  made  in  [b do  assume 

lif  1 .  ei  w  O  *  s.  d-  d  -L  ^  .  4  1 J  '.-1 1  *  l  1,  ^  i.  a  1  •  ( 1  !  x  ^  • 1 *  -  1  1  i  ^  J  ^1  *  i  1 1  k.  a  el  O  1  4  J,  d.  *  *  *,  ' ' 1  T 


r  iL-Ji  1-^.5-  /  m o—7 


Van  Vleck  susceptibility  of  Ni  *nultiplied  by  the  Ni  concentration 

in  the  alloy,  since  the  Cu  d-band  is  completely  filled  and  cannot 

contribute  to  x 

Avv 

An  evaluation  of  the  diamagnetic  susceptibility  of  the  alloys 
under  study  can  be  made  on  the  basis  of  measuring  the  magnetic 

susceptibility  of  a  Cu  ion  whose  d-band  is  filled.  The  measured 

—6 

ionic  susceptibility  of  Cu  is  x  ■  -2.5*10  electromagnetic  units/ 

cm-3  [8].  Calculation  of  the  diamagnetic  susceptibility  of  hi  [9], 

which  is  Included  in  evaluating  the  entire  electron  shell  of  the 

—6 

atom  except  for  ^s-electrons ,  yields  the  quantity  -3.3*10*  electro- 
magnetic  units/cm  .  We  assume  that  the  experimentally  determined 
diamagnetic  susceptibility  of  the  Cu  ion, which  equals  -2.5*10” 
el.  magn.  unit s/cm  .  can  be  viewed  as  the  upper  limit  of  XflHa  for 
the  samples  under  consideration,  since  the  c*  hand  in  Ni  is  not  filled 
completely;  It  is  Known  that  the  d-electrons  specifically  make  the 
main  contribution  to  diamagnetic  susceptibility. 
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Dependence  of  magnetic  moment  of  Cu-Ni  alloy  at  various 
temperatures:  a)  sample  of  at.  %  Ni  +  56.2  at.  % 

Cu;  b)  sample  of  39 *2  at.  %  Ni  +  60.8  at.  2  Cu. 

li 


X*  +  Zvv  ry.^  0,9*  10**  -T  1,1- 10“'. 0.3  ~  2.3*  10~r  *  1 . 10**, 


Thus , 


uni  the  maximum  contribution  from  these  susceptibilities  Is. 
mail  10 /j  of  the  experimental  susceptibility  quantities. 


Viie  expression  for  x-  das  the  1’ollowi tie  form  [10] 


mere 


p-v.v.(  :[i-;,„.v(f,)]-s,  '“[4"3(-t)*]  .  • 

::ere  h(t)  is  the  density  of  the  states ;  J  .  ^  is  the  energy  of 
exchange  interaction  ana  e.t  is  the  Fermi  energy. 


sue  average  magnets c  ira  .ent  m  a  cluster  is  it— is  ta  j  *  ana 

therefore  tne  behavior  of  the-  clusters  in  the  magnetic  field  can  be 
jo-scribed  us  in?;  a  simple  >jvin  gas  ::.odel.  The  effective  field 
of  interaction  between  the  c*  triers  war  not  taken  into  account,  sine 
tne  fl'.'ias  in  va.ich  tne  inves t igat ions  were  carried  out  are  large. 
This,  tne  magnetic  moment  related  to  tne  presence  of  clusters  car 
•  v  riven  in  tne  for::; 
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Working  out  the  curves  of  field  dependence  of  magnetic  moment 

for  tiie  alloys  for  eaen  temperature  was  accomplished  by  the  method 

of  least  squares  using  a  computer.  The  parameters  C,  B,  ;J ,  and  u , 

and  consequently ,  \  (G)  and  3,  were  isolated.  The  experimental 

curves  are  sufficiently  described  by  expression  (4),  where  the  term 

associated  with  the  clusters  is  important.  The  average  magnetic 

moment  in  the  cluster  was  7m.  ,  and  the  effective  number  of  clusters 

o 

per  I  c.n^  was  on  the  cruder  of  10^.  All  the  parameters  changed  only 

slightly  with  temperature.  The  average  value  of  the  parameters  for 

various  temperatures  and  their  mean  square  deviation  from  the  average 

value  are  given  in  the  table.  For  the  sake  of  comparison  the  same 

tat ie  gives  the  values  of  x*(0)  obtained  for  the  very  same  alloys 

ct 

a:  temperatures  below  the  Curie  point  [1],  Wit!*  respect  to  order 
of  magnitude  \  d0)  equals  10  emu/cm  -  i.e.,  an  order  greater  than 

a 


r  pure  hi,  equal  to 


-5  ,  5 

c  *10  emu/cm  ,  and  greater  than 
alloy  containing  cc  at.  5  Cn  [1]. 


The  large  value  of  sasceptio ility  of  alloys  in  tr.e  concentration 
region  under  study  can  Lc  explained  by  the  transition  sf  the  system 
through  the  critical  state,  vr.nen  the  conditions  of  ferromagnet ism 


•j  e  a  s ! 


to  oe  fuifluleu. 


t  was  theoretically  predicted  [11,  12]  that 


suscept ici-i ty  of  alloys  must  grow  with,  approach  of  the  concentration 

to  the  critical  ccncentrat ion ,  sir.ee  (c  -  cj"1.  Precise  verification 

o' 

f  tnio  proposition  is  not  possii.  ie  in  this  article,  since  the  exact 

value  of  tne  critical  concentration  c _  is  unknown.  It  is  interesting 

J 

to  comp are  formula  (2a)  v:ith  the  3 toner  criterion 


l  ■  \J  .  <0 

t >'1»-  arp^*  * *au  ^ e  c  **  gp ^ *■  ?  ^ [  i 3  J  • 


;ue  to  the  smallness  of 


cue  denominator  in  formula  (la)  in  tne  concentration  region  near  , 
It  snculd  be  expected  that  there  will  te  large  susceptibility  values 
as  we re  produced  e xperime n t al ly . 


Tne  value  of  the 
magnitude  agrees  wit:. 


coefficient  3  with  respect  to  order  cf 
tr.e  estimates  obtained  from  tne  zone  theory 


a -2  3-7  h  o-7 


for  Pci:  3  <  O.OO’IO’"*1  e~"  [10]  but  has  a  minus  sign.  We  see  that 

the  Fermi  energy  of  Cu-Ni  alloys  lies  within  the  region  where 

curvature  W(e)  is  small  or  negative.  The  experimental  value  of  3 

for  Td,.  ...lid.  ,,r  alloys  [14]  is  very  close  to  the  value  of  3  which 

0.9‘o  0.0b 

w:j,;  obtained  for  Cu-Ni  alloys. 
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